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1571 ABSTRAa 
A thin, lightweight solar cell utilizes front contact met- 
allization. Both the front light receiving surface of the 
solar cell and the facing surface of the cover glass are 
recessed to accommodate this metallization. This ena- 
bles the two surfaces to meet flush for an optimum seal. 
26 Claims, 5 Drawing Sheets 
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U.S. Pat. No. 4,694,115 to Lillington et al is con- 
cerned with a solar cell with front surface metallization. 
There are two antireflective coatings, both of which fall 
beneath the front contact metallization. 
U.S. Pat. No. 4,824,489 to Cogan et al illustrates a 
typical prior art arrangement for a thin solar cell. U.S. 
N-type layers exposed on the front surface of a solar cell 
making front contact metallization possible. 
DISCLOSURE OF THE INVENTION 
The objects are achieved by the thin, light weight 
solar cell of the present invention which utilizes front 
contact metallization. Both the front light receiving 
surface of the sola cell and the facing surface of the 
Cover glass are recessed to aCCOEUIlodate this metalliza- 
tion. This enables the two surfaces to meet flush for an 
optimum seal. 
THIN SOLAR CELL AND LIGHTWEIGHT ARRAY 
ORIGIN OF THE INVENTION 
ees ofthe united States Govement  and may be manu- 
mental purposes without the of any royalties 
thereon or therefore. 
ne invention described herein was de by 5 
factwed and used by or for the Government for govern- Pat* No* 4 ~ 8 5 ~ 9 9 ~ ~  to fiause describes both P-type and 
10 
TECHNICAL FIELD 
ms invention is concerned with Bn improved solar 
-11 that is both thin and lightweight. ne invention is 
incorporates 
improved positioning of the electrical contacts, as well 
as improved bonding between the cell and the cover 
glass. 
Interdigitated contact patterns have been suggested 
for siricon solar cells. However, the proposed interdigi- 2o BRIEF DESCRIPTION OF THE DRAWINGS 
tated contacts and cell junctions were located on the 
rear surface of each cell. The objects, advantages, and novel features of the 
Positioning interdigitated contacts and junctions on invention Will be more fully apparent from the follow- 
the r m  surface of the cell leads to poor radiation reis- ing detailed description when read in connection with 
tance in the particulate radiation environment of space. 25 the aCCOmPanYh drawings in which 
Also, because most of the incident light is absorbed near FIG. 1 is an enlarged vertical section view of a thin 
the front surface of the cell, placing the metallization at solar cell attached to a Cover glass in accordance with 
the rear surface of the cell creates an inordinately long the Present invention; 
path for light generated current carriers, such as el=- FIG. 2 is an enlarged vertical section view of a por- 
wens and holes, to reach the collection junctions and 3o -tion of the solar cell shown in FIG. 1 prior to the attach- 
contact metallization. In such a situation, the light gen- ment of the cover glass to the solar cell; 
crated current carriers have a greater probability of FIG. 3 is a plan view of a solar cell constructed in 
being trapped by defects in the cell. This leads to exces- accordance with the present invention showing the 
sive reduction of cell output caused by defects created metallization pattern on the top surface thereof; 
by exposure to particles, such as protons and electrons, 35 FIG. 4 is a plan view of a lightweight array of solar 
in a space radiation environment. cells constructed in accordance with the present inven- 
Problems have been encountered in placing contacts tion arranged on a glass superstrate; and 
on the front surface of the cell because they protrude FIG. 5 is a section view of a portion of a multiband- 
above the cell surface, whether they are interdigitated gap cell showing the use of recessed metallization and 
or not. This creates difficulties in achieving a good 40 improved bonding between the cells. 
BEST MODE FOR CARRYING OUT THE electrostatic bond between the cell and the cover glass. 
INVENTION It is, therefore, an object of the present invention to provide an improved thin, lightweight solar cell having 
all contact metallization at the front or light incident 
surface. 
Another object of the invention is to provide such a 
solar cell having improved electrostatic bonding be- 
tween the solar cell and the cover glass. 
A still further object of the invention is to provide an 
improved solar cell having no protruding metallization 50 
of the contacts above the surface of the solar cell. 
directed to a solar cell 
Referring now to FIG. 1, there is shown a photovol- 
45 taic device such as a solar cell 10 constructed in accor- 
dance with the present invention. The solar cell 10 
includes a wafer 12 of a P-type material such as indium 
phosphide having n+ regions 14 forming junctions 16. 
The InP wafer 12 also has a plurality of p+ regions 18. 
The front or light receiving surface 20 of the wafer 12 
is adjacent to the regions 14 and 18. This surface is 
covered by an antireflection coating 22. This front sur- 
face 20 and coating 22 are protected by a cover glass 24 
U.S. Pat. No. 4,295,002 to Chappell et al discloses a having a plurality of triangular V-grooves 26 therein. A 
dual surface solar cell to provide additional efficiency. 55 plurality of metal contacts 28 and 30 shown in FIG. 3 
These surfaces are composed of different materials with extend into both the wafer 12 and the cover glass 24 as 
different radiation absorption characteristics. The cover shown in FIGS. 1 and 2. 
glass is a i e d  to one side of the cell and the contact A suitable backing 32 covers the surface of the wafer 
metal to the other. The metal contact could be on the 12 that is opposite the front or light receiving surface. 
front depending on the orientation of the cell. 60 This backing is preferably a commercially available 
U.S. Pat. No. 4,589,191 to Green et al is directed to a material called Kapton. 
high efficiency solar cell with mounted metallization. Refemng now to FIG. 2, the n+ regions 14 and p+ 
The cover glass is referred to an antireflective coating, regions 18 of the semiconductor wafer 12 are produced 
and it is illustrated as grooved to meet the top metallii- by diffusion of an appropriate dopant into the semicon- 
tion. 65 ductor material using photolithographic masking tech- 
U.S. Pat. No. B14,610,077 to Minahan et al describes niques to form these regions on the upper surface. The 
a wraparound metallization for a solar cell. Front metal- antireflection coating 22 is then deposited on the front 
liition is effectively achieved by this method. surface of the solar cell 10. 
BACKGROUND ART 
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Metallization grooves or recesses are etched or laser bottom cell 50 and a top cell 52. These cells include 
scribed into the semiconductor surface in the interdigi- regions 54 and 56 that are the n+ regions of the bottom 
tated pattern shown in FIG. 3 using appropriate masks. and top cells, respectively. Regions 58 and 60 are the p 
The metal contacting material 28 and 30 is then depos- regions of the top and bottom cells, respectively. W e  
ited into these recesses and treated so as to be flush with 5 both cells are shown in the n+p configuration they may 
the top of the antireflecting coating 22. also be produced in the p+n configuration. In this re- 
The Cover glass 24 is first processed to include the versed embodiment, the main body of each cell is an n 
triangular V-grOOVes 26 in the light receiving Surface type semiconductor and the regions 56 and 54 in FIG. 5 
and the opposite surface is recessed to include the would be changed to p+. 
grooves that In this two junction cell, the bottom cell 50 and the 
The metallization recesses are aligned with the triangu- top cell 52 both contain metallization grooves. After 
lar V-grooves 26 to *e contact shadowing of these grooves are appropriately filled with the proper 
incident light. These recesses are then filled, by deposi- metals, the cells 50 and 52 are joined together by elec- 
tion of metal, by plating, evaporation, or other means trostatic bonding. 
well known in the art, up to the surface of the glass 24 15 ne multijunction cells can be incorporated into an 
using appropriate masking techniques. array, such as shown in FIG. 4, or into an array of 
The cover glass 24 and wafer l2 are aligned so that concentrators. All of the planar cells of the present 
their metallizations 28 and 30 coincide. These two mem- invention can be used in concentrators with appropriate 
bers are then joined together by electrostatic bonding. attention being directed toward series resistance and 
to the wafer 12 by a suitable adhesive. A silicone adhe- ety of cover materials and backings. 
eventually contain the metallization. 10 
again to the backing 32 is attached 2o contact configuration considerations, as well as a v&- 
sive commercially as DC-93500 has been It is evident from the description as well as the draw- for the backing 32 to the wafer 12* It ' 
that the rear surface Of the wafer l2 may ings, that placing cell junctions and metallization on the front or incident light receiving surface, rather than on 
the rear or back surface of the cell, results in a shorter 
path for light generated current carriers to reach the 
junction metallization. This results in a decreased prob- 
be covered with a deposited glass-like layer, such as sol 25 
32. 
as an alternative to the use Of the backing 
A light ray 34 entering the front of the cell through 
the V-groove 26 is refracted away from the contact 30. Of trapping by defects and thus increases radia- 
This light enter the front surface of the cell 10 thereby 30 tion resistance and increases end-of-life Output in a 
producing both majority and minority carriers. Both of 
these carriers diffuse towards the front surface 20 of the light cell The minority travel the cell shadowing by the front interdigitated contacts. The use 
junction 16 to the contact 30 and thence to an external of recessed contact metallization rather than metalliza- 
circuit though an N contact 36 shown in FIG. 3. M ~ -  35 tion at the front of the cell which projects outwardly 
jority travel to the other cell contacts 28 from the cell surface eliminates a major difficulty in 
through the heavily doped area 18 and thence to the achieving good strong electrostatic bonding between 
externally connected load through a P contact 38. the glass and semiconductor and between semiconduc- 
Referring now to FIG. 4, there is shown an array tors. Likewise, the use of electrostatic bonding which is 
component that is constructed using the procedures set 40 greatly facilitated by the present invention eliminates 
forth above. More particularly, metal conacts are in- the use of UV degrading adhesives between the cover 
corporated into appropriate recesses produced in a glass glass and Solar cell. Thus, it is UnnecessW to Coat the 
superstrate 40. In this manner, the superstrate 40 Serves cover glass with an expensive w rejection coating in 
dual functions of acting as a cell cover such as the cover order to Protect the adhesive. 
glass 24 shown in FIG. 1 and providing a measure of 45 While several embodiments Of the invention have 
mechanical support for the array component. Intercon- been shown and described it will be appreciated that 
nects between cells 10 and blocking diodes 42 are V d O U S  Structural modifications may be made to the 
formed of metal evaporated onto and/or recessed into Solar cell assembly without departing from the spirit of 
the surface of the glass superstrate 40. When a m b l i n g  the invention and the S C O ~  of the subjoined claims. 
the array components care is taken to align the cell 50 
contacts with the superstrate metallization. A Kapton 
backing is added to this component of the array when 
combined into a larger array comprising of a multiplic- 
ity of such components structures. While only one 
string of solar cells 10 is shown in FIG. 4, the complete 55 
unit contains additional strines. 
'pace radiation environment* 
The use OF the grooved 'Over glass 
We claim: 
1. A Solar cell assembly comprising 
8 Solar Cell having a front surface for receiving inci- 
dent light and an oppositely disposed rear surface, 
a cover glass adjacent to said front surface, 
contact metallization between said cover glass and 
said solar cell, said contact metallization being 
embedded in both said cover glass and said, solar 
cell thereby creating a smooth interface therebe- 
tween, and 
DESCRIPTION OF ALTERNATE 
EMBODIMENTS 
The assembly shown in FIGS. 1 and 2 illustrate a cell 60 means for refracting incident light away from said 
2. A solar cell assembly as claimed in claim 1 wherein 
the cover glass is electrostatically bonded to the solar 
cell. 
3. A solar cell assembly as claimed in claim 1 includ- 
ing a plurality of grooves in the cover glass for refract- 
ing the incident light away from the contact metallii- 
tion to inhibit shadowing. 
in an n+ p configuration. However, for the 111-IV semi- 
conductors the p+ n configuration can also be used. In 
this embodiment, the main body of the cell is an n-type 
semiconductor, and the regions n+ and p+ in FIGS. 1 
and 2 would then be changed to p+ and n+, respec- 65 
tively. 
Recessed metallization is applicable to a multiband- 
gap cell of the type shown in FIG. 5 which includes a 
contact metallization. 
5,019,176 
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4. A solar cell assembly as claimed in claim 3 wherein 
the contact metallization has an interdigitated pattern. 
5. A solar cell assembly as claimed in claim 4 wherein 
the grooves are in substantial alignment with the 
contact metallization. 
6. A solar cell assembly as claimed in claim S wherein 
the grooves have triangular V configurations. 
ing an antireflection coating covering the front surface io 
of solar cell. 
8. A solar cell assembly as claimed in claim 7 wherein 
the antireflection coating is between the front surface 
and the cover glass. 
9. A solar cell assembly as claimed in claim 8 wherein 
producing p+ regions and n+ regions in said semicon- 
ductor wafer by diffusing dopants into said light 
receiving surface, 
forming a plurality of triangular light refractory 
grooves in one surface of said cover glass, 
masking said light receiving surface of said wafer and 
another surface of said cover glass opposite said 
one surface thereof, 
of said wafer and said cover glass, 
depositing metal contacting material into said reces- 
ses up to said surfaces thereby creating a smooth 
interface therebetween, 
aligning the filled recesses in the cover glass with the 
filled recesses in the wafer so that the metal con- 
tacting materials coincide, 
bonding of the smooth interface, and 
light receiving surface. 
7. A solar 4 1  assembly BS claimed in claim 3 includ- forming a plurality ofrecesses in said masked surfaces 
15 
the cover glass comprises a suprstrate a PlU- jo-g the cover glass to the wafer by electrostatic 
rality of solar cells in an array. 
10. A solar cell assembly as covering the surface of the wafer that is opposite the 
ing another solar cell bonded to said rear surface, and 20 
additional contact metallization between said rear 17. A method of making a solar cell assembly as 
surface and said other solar cell thereby forming a claimed in claim 16 wherein the dopants are diffused 
multibandgap cell. into the semiconductor wafer by using photolitho- 
11. In a solar cell assembly of the type having contact graphic masking techniques. 
metallization on the front light receiving surface of a 25 as 
solar with a glass for protecting the the claimed in claim 17 wherein an antireflection coating is 
deposited on the light receiving surface after the dop- 
ants are diffused thereinto. improvement comprising 
19. A method of making a solar cell assembly as 
are formed in 
an interdigitated pattern. 
20. A method of making a solar cell assembly as 
claimed in claim 19 wherein the recesses are formed by 
etching. 
21- A method of making a Solar cell assembly as 
claimed in claim 19 wherein the recesses are formed by 
laser scribing* 
22. A method of making a solar cell assembly as 
claimed in claim 19 wherein the metal contacting mate- 
a solar cell assembly as 
in 
18* A method Of a 
means for recessing said contact metallization in both 
the front light receiving surface of said solar cell 30 claimed in 
and the facing surface of the cover glass thereby 
providing a smooth interface therebetween for 
electrostatic bonding, and 
a plurality of grooves in the cover glass for refracting 
incident light away from the contact metallization. 35 
12. A solar cell assembly as 11 
wherein the contact metallization has an interdigitated 
pattern. 
wherein the contact metallization in contained in 
cell and the surface of the cover glass opposite the 
surface having the light refractory grooves, 
16 wherein the 
in 
13. A Solar Cell assembly a.3 claimed in C l h  12 40 rid is deposited in the by plating. 
A method of 
aligned recesses in both the front surface of the solar claimed in claim 19 wherein the metal contacting mate- 
rial is deposited in the recesses by evaporation. 
24. A method of making a solar cell assembly as 
said recesses containing the contact metallization 45 claimed in claim 16 wherein the recesses are formed in 
the cover glass in substantial alignment with the triang- 
ular light refractory V-grooves. 
claimed in claim 16 wherein the surface of the wafer 
50 opposite the light receiving surface is covered by at- 
taching a backing 
a solar cell assembly as 
claimed in claim 17 wherein the surface of the wafer 
opposite the light receiving surface is covered by depos- 
being in substantial alignment with the light refrac- 
tory grooves. 
14. A solar cell assably as claimed in claim 13 25* A method Of making a assembly 8s 
wherein the grooves have triangular V configurations. 
IS. A solar cell assembly as claimed in claim 11 in- 
cluding an antireflection coating between the front light 
receiving surface and the cover glass. 
a Solar cell assembly of a 
semiconductor wafer having a light receiving surface 55 iting a glass-like layer therein. 
thereto. 
26, A method of 
16. A method of 
protected by a cover glass comprising the steps of * + * * *  
60 
65 
